ABSTRACT
INTRODUCTION

51
Grana like hard cheese is a typical raw cow's milk cheese produced in the Piedmont region in 52 Northwest of Italy. Curd fermentation is carried out by natural thermophilic whey cultures obtained 53 from the manufacturing of the previous day, after heating at 53-55°C and the ripening is commonly 54 carried out for 12 months.
55
Natural whey cultures (NWC) are used for several PDO cheeses (Protected Designation of Origin).
56
They are usually dominated by thermophilic lactic acid bacteria (LAB), but sub-dominant species, 57 including mesophilic LAB, may also occur. NWS have a complex microbial association of various 58 species as well as a large number of biotypes (1).
59
Temperature is the main factors associated with the variability of the microbiota composition of the 60 NWC. Cooking treatment and whey cooling lead to the selection of a characteristic microbiota 61 consisting of thermophilic, aciduric, and moderately heat-resistant LAB (2). Changes of these 62 variable parameters can lead the development of the final cultures. The use of 16S analysis through HTS has emerged as a new culture-independent tool and may allow 84 a quantitative investigation of the structure of microbial communities, beside being much more 85 sensitive to detect sub-dominant populations (11, 12). Several studies based on target amplicon 86 sequencing showed that milk source, processing (raw or pasteurized) and addition of various 87 ingredients affect the composition of the microbiota with an impact on the final attributes of the 88 products (13). However, more information is needed regarding the function and the activity of the 89 microbiota during the process. Few studies based on metatranscriptomic are applied on cheese 90 matrix aiming at exploring the function of the cheese associate microbiota (14-16).
91
The aim of this work was to study the microbial dynamics of the active fraction of the microbiota 92 during the manufacturing and ripening of a raw milk, long-ripened hard cooked Grana type cheese,
93
with particular emphasis on the contribution of milk and whey starter, by coupling RT-PCR-DGGE,
94
qPCR and rRNA-pyrosequencing. The molecular target used in this ecology study was the 95 ribosomal RNA (rRNA), which has been described as an indicator for metabolically active microbiota, allowing for a greater understanding of microbial community structure and functionality
97
(17, 18).
98
99
MATERIAL AND METHODS
100
Sampling. Three different cheese productions (D, E and F) from the same dairy plant, located in the
101
Piedmont region (North West of Italy), were studied until the tenth month of ripening. The cheese 102 studied is a hard-pressed Grana type cheese. All the productions were carried out in the spring 103 season, in three successive weeks. A full description of the samples is reported in Table 1 . The 104 samples were: whey, raw milk (Frisona cow), milk after the addition of whey, curd before and after 105 cutting, after pressing, after storage room at 46ºC, after salting, after thermostatic room at 25°C, and to the laboratory and were subjected to analysis within 2 h from collection. Sampling on cheese 110 loafs was carried out using a sterile punch, which was inserted perpendicular to the centre of the 111 cheese, and then rotated 360 º for digging samples. 
123
A database of fingerprints was created using the Bionumerics software, version 4.6 (Applied Maths,
124
Sint Marten Latem, Belgium). A combined data matrix that included all the fingerprints from RNA 125 was obtained, and dendrograms of similarity were retrieved using the Dice coefficient and the
126
Unweighted Pair Group Method with the Arithmetic average (UPGMA) clustering algorithm (21).
127
The similarity distance matrix generated through the Bionumerics software was used to build a
128
Partial Least-Squares Discriminant Analysis (PLS-DA) utilizing the "mixOmics" R package
129
(www.r-project.org).
130
Selected DGGE bands were extracted from the gels, using sterile pipette tips, transferred into 50 µL 131 sterile water and incubated overnight at 4 °C. Two µL of the eluted bands were re-amplified using (Interscience Rockland, MA, USA) for 1 min and 1 ml of each mixture was subjected to RNA 144 extraction as described above. RT was performed using 9 µL of RNA and the resulting cDNA 
166
Bioinformatics analysis. 16S rRNA data were analyzed by using QIIME 1.9.0 software (25) and a 167 pipeline previously described (26). OTUs were picked at 99% of similarity by the UCLUST clustering 168 methods (27) and representative sequences of each cluster were used to assign taxonomy using the 
RESULTS
182
Active bacteria during the production and ripening of the cheeses. Different standard curves
183
were built considering the evolution of the samples during the cheese manufacturing (milk, whey,
184
curd and ripened cheese) in order to obtain a direct quantification of viable bacteria in the samples.
185
For all the samples, the limit of quantification was 4 Log CFU/g or ml. The efficiencies were 
194
RT-PCR-DGGE analysis. Nineteen samples, from raw milk to cheese ripened for ten months, for 195 each of the three different productions, were analyzed by DGGE. The PLS-DA regression, built 196 using the production batch as discriminatory class (Fig. 1A) , showed a certain gradient of separation Lb. delbrueckii (Fig. 2) .
218
Alpha-diversity indices (Table 3) showed that raw milk samples from batches F and E had a contribute to the formation of distinctive flavors arising from its metabolism (37, 38).
273
PCoA and PLS-DA analyses clearly showed a separation of the samples from the three production 
289
This study highlights and confirms that the microbial quality of raw milk has an important effect on 290 the development of the contaminant microbiota during ripening of a Grana-like cheese. The results
291
showed that the core genera of the starter tended to limit the development of the spoilage bacteria.
292
On the other hand in the case of the batch F the whey starter was not competitive enough against the 293 contaminant species, which impacted the microbial composition of the final products. For this 294 production it was also observed a low amount of active cells in the milk and during manufacturing 295 and ripening.
296
This study underlines the influence of different factors that can affect the final microbiota 
